Mg2+ modulates integrin-extracellular matrix interaction in vascular smooth muscle cells studied by atomic force microscopy.
Atomic force microscopy (AFM) was used to investigate the interaction between alpha5beta1 integrin and fibronectin (FN) in the presence of divalent cations. AFM probes were labeled with FN and used to measure binding strength between alpha5beta1 integrin and FN by quantifying the force required to break single FN-integrin bonds on a physiological range of loading rates (100-10,000 pN/s). The force necessary to rupture single alpha5beta1-FN bond increased twofold over the regime of loading rates investigated. Changes in Mg(2+) and Ca(2+) concentration affected the thermodynamical parameters of the interaction and modulated the binding energy. These data indicate that the external ionic environment in which vascular smooth muscle cells reside, influences the mechanical parameters that define the interaction between the extracellular matrix and integrins. Thus, in a dynamic mechanical environment such as the vascular wall, thermodynamic binding properties between FN and alpha5beta1 integrin vary in relation to locally applied loads and divalent cations concentrations. These changes can be recorded as direct measurements on live smooth muscle cells by using AFM.